To examine the associations between cumulative physical activity (PA) and its changes over 3 years and changes over 9 years of follow-up in physical performance in older adults. DESIGN: Longitudinal. SETTING: Community-based. PARTICIPANTS: Men and women aged 65 and older from the Invecchiare in Chianti study (N = 782). MEASUREMENTS: Physical performance was assessed at baseline and at 3-, 6-, and 9-year follow-up using the Short Physical Performance Battery (SPPB). PA was assessed through an interviewer-administered questionnaire at baseline and 3-year follow-up. Analyses were adjusted for education, body mass index, smoking, alcohol intake, coronary heart disease, stroke, peripheral arterial disease, cancer, lung disease, lower extremity osteoarthritis, depression, and Mini-Mental State Examination. RESULTS: Over 3 years of follow-up, 27.8% of participants were inactive, 52.2% were minimally active, and 20.0% were active, and the PA of 37.2% decreased, there was no change in PA of 50.1% and the PA of 12.7% increased. After adjustment for potential covariates, being mostly active (À1.08, 95% confidence interval (CI) = À1.43 to À0.73) and minimally active (À1.33, 95% CI = À1.53 to À1.12) over 3 years of follow-up was associated with less decline in SPPB score than being mostly inactive (À2.60, 95% CI = À2.92 to À2.27). When analyzing changes, increasing PA (À0.57, 95% CI = À1.01 to À0.12) was associated with less decline in SPPB score over 9 years than decreasing PA (À2.16, 95% CI = À2.42 to À1.89). CONCLUSION: Maintaining or increasing PA levels may attenuate age-associated physical performance decline. J Am Geriatr Soc 65:1176-1182, 2017.
P hysical performance declines with age and is one of the most-important predictors of future adverse health consequences such as disability, institutionalization, hospitalization, and need for home healthcare assistance. [1] [2] [3] Considering the magnitude and speed of population aging 4 , preventing physical performance decline is a major health priority in developed and developing countries. Management and control of physical performance decline in older adults using nonpharmacological strategies may be cost effective for reducing future healthcare costs. 4 Physical activity (PA) is considered a "polypill," with potential capacity to attenuate the major hallmarks of aging, including physical performance decline, 5, 6 but evidence from clinical trials are commonly developed in older populations with chronic conditions (e.g., frail or disabled) and performed in ideal conditions with short-term interventions. [5] [6] [7] [8] [9] [10] Longitudinal studies on aging provide valuable information in more-realistic conditions that might be effective at the population level. 11 Some longitudinal studies have found that PA is inversely associated with physical performance decline in older adults, but most have typically examined the relationship between PA at baseline or a single point in time and subsequent changes in physical performance. [12] [13] [14] Assessment of the relevant exposure variables at two or more time points in a prospective design provides the advantage of examining how maintaining or changing PA levels might predict subsequent changes in physical performance, which provides more-robust evidence on causal roles. Although it is common that people decrease their PA as they age 15 , potential improvements or even maintenance of a physically active lifestyle as long as possible might be critical for preventing physical performance decline. Hence, the current study examined associations between cumulative PA and its changes over 3 years and changes over 9 years of follow-up in physical performance in older adults from the Invecchiare in Chianti (InCHIANTI) study.
METHODS

Study Design and Participants
Study participants comprised men and women aged 65 and older who participated in the InCHIANTI study, 16 an epidemiological, population-based, longitudinal study on aging conducted in two Tuscan towns located in the Chianti area in Italy. Baseline data were collected between 1998 and 2000, and the 3-year follow-up took place between 2001 and 2003, the 6-year follow-up between 2004 and 2006, and the 9-year follow-up between 2007 and 2008. The study population consisted of a random sample of 1,270 community-dwelling persons aged 65 and older selected from the population registries of these two towns; 1,155 older adults agreed to participate in the study (participation rate 90.1%). Further details on study design and protocols of the InCHIANTI study have been described elsewhere. 16 Participants received an extensive description of the study and participated after providing written informed consent. The Italian National Institute of Research and Care on Aging Ethical Committee approved the study protocol.
Physical Performance
Physical performance was assessed at baseline and at 3-, 6-, and 9-year follow-up with the Short Physical Performance Battery (SPPB), [1] [2] [3] which includes three tests of physical function: balance, gait speed, and chair stands. For the standing balance test, participants were asked to stand in three progressively more-challenging positions (feet in side-by-side, semi-tandem, and full tandem positions) for 10 seconds each. Gait speed was defined as the better performance on two walks at usual pace over a 4-m course. The chair stands test required participants to rise five times from a chair with arms across their chest as quickly as possible. Each of the three tests was scored 0 to 4 according to standardized criteria, with a score of 0 indicating inability to complete the test and 4 the highest level of physical performance. Scores from the three tests (hereafter called subscores) were summed into a composite score ranging from 0 to 12, with higher scores reflecting better physical function. The SPPB has shown excellent reliability and predictive validity for mortality, disability, and nursing home admission in older adults. [1] [2] [3] [4] 17 Physical Activity PA was assessed using an interviewer-administered questionnaire at baseline and 3-year follow-up. Participants were asked to indicate their average level of PA during the past year on a 6-point scale. 12, 18 The response categories were hardly any PA, mostly sitting or some walking, light PA for 2 to 4 hours per week without sweating, moderate PA for 1 to 2 hours per week with sweating or light PA without sweating for more than 4 hours per week, moderate PA for 3 or more hours per week with sweating, and physical exercise performed regularly including at maximal strength and endurance several times per week. The most predominant activities to achieve high levels of PA were soccer, hunting, swimming, cycling, and senior fitness training programs.
To evaluate maintained levels of PA over time, a cumulative score was computed as the average of PA at baseline and 3-year follow-up. 12, 19 Participants who had a cumulative score of less than 3 were classified as mostly inactive, those who scored from 3 to 4 (active older adults but not enough to meet PA guidelines) as mostly minimally active, and 4 or greater (active older adults who meet PA guidelines) as and mostly active. [20] [21] [22] To evaluate the effect of increasing or decreasing PA over 3 years, changes in PA were calculated as level at 3-year follow-up minus baseline level. A score of 0 indicates no change in PA, and positive and negative scores indicate increases and decreases in PA, respectively.
Covariates
Covariates were derived from baseline data. Education was recorded in years. Body mass index was calculated as measured weight in kilograms divided by measured height in meters squared (kg/m 2 ). Smoking status was categorized as never, former, or current. Alcohol intake (g) was estimated using the European Prospective Investigation into Cancer and Nutrition Food Frequency Questionnaire, and participants were classified as less than 30 g/d vs 30 g/d or more. 23 A trained geriatrician determined diseases according to standardized, well-known, preestablished criteria and algorithms combining information from self-reported physician diagnoses, medical records, current pharmacological treatment, clinical examinations, and blood tests. Coronary heart disease, stroke, peripheral arterial disease, lung disease (bronchitis and asthma), diabetes mellitus, lower extremity osteoarthritis, and cancer were included. Depressive symptoms were assessed using the Center for Epidemiologic Studies Depression Scale, and a score of 16 or greater indicated risk of clinical depression. 24, 25 The MiniMental State Examination (ragne 0-30) was used to assess global cognitive function.
26,27
Statistical Analysis
Of the total sample aged 65 and older from the InCHIANTI study, 996 participants had baseline PA and SPPB measurements; 91 of these died before 3-year followup, and 123 did not have information on PA at 3-year follow-up or at least one follow-up SPPB measure, leaving a final analytical sample of 782 participants (347 men).
Baseline descriptive data for the final sample are shown as means and standard deviations for continuous variables and frequencies (%) for categorical variables.
Descriptive data on PA at baseline and 3-year follow-up and SPPB scores and subscores at baseline and over 9 years of follow-up are also presented with the same summary statistics. Participants who were excluded because of missing data were compared with those included in the final sample.
Generalized estimating equations were used to control for intraindividual correlations between repeated measurements using an exchangeable correlation structure 28, 29 when examining the association between 3-year cumulative PA (mostly inactive, mostly minimally active, active) and changes over 9 years of follow-up and SPPB score and subscores, using a sex-and age-adjusted model that included the specific outcome at baseline (Model 1) and an additional multivariate model adjusted for variables in Model 1 plus the aforementioned covariates (Model 2). Generalized estimating equations were also used to examine the association between 3-year changes in PA (decreased, no change, increased) and changes over 9 years of follow-up in SPPB score and subscores, using the same two adjusted models plus baseline PA in both. In addition, pairwise comparisons were performed using Bonferroni adjustment to examine the difference in adjusted means of the physical performance variables between participants in the three categories of PA. The analyses were repeated using 3-year cumulative PA and changes in PA as continuous variables, which indicate changes over 9 years of follow-up per one-category increment in the 6-point PA scale.
A final sensitivity analysis was performed for comparative purposes that reexamined the main associations in participants from the final sample alive and with information on SPPB data at 9 years of follow-up (n = 437). All tests were two-sided, and statistical significance was set at P < .05. Analyses were performed with Stata version 14 for Macintosh (Stata Corp., College Station, TX).
RESULTS
Baseline characteristics of the study population are shown in Table 1 . Over 3 years of follow-up, 52.2% of participants maintained a minimally active lifestyle, 27.8% a mostly inactive lifestyle, and 20.0% an active lifestyle (Table 2) . Although there was a small decrease in PA during this period, 99 participants (12.7%) increased their PA (Table 2) . Participants had a marked physical performance decline over 9 years of follow-up, with a loss of more than 2 points on the SPPB and decreases in the three subscores (Table 2) . Participants were younger (73.6 vs 79.3), more educated (5.6 vs 4.7 years), and more likely to consume 30 g/d or more of alcohol (15.2% vs 9.4%) than individuals who were excluded. Participants also had higher physical performance scores (SPPB score 10.2) than individuals who were excluded (SPPB score 7.9).
Baseline characteristics of the study population over 3 years of follow-up are shown in Table S1 according to PA group. The association between 3-year cumulative PA and changes over 9 years of follow-up in SPPB score and subscores is shown in Table 3 . After adjustment for potential covariates, being active (À1.08, 95% CI = À1.43 to À0.73) and minimally active (À1.33, 95% CI = À1.53 to À1.12) during this period was associated with less decline in SPPB score and subscores than being mostly inactive (À2.60, 95% CI = À2.92 to À2.27). In contrast, greater declines in all physical performance variables were observed in participants who were persistently inactive.
When analyzing changes during 3 years of follow-up, maintaining or increasing PA was associated with less decline in SPPB score and subscores over 9 years (Table 4) . Specifically, increasing PA largely attenuated gait speed decline (À0.03, 95% CI = À0.18 to 0.13). Participants who increased their PA added more than 1 point on the SPPB (1.20, 95% CI = 0.56-1.84) than those who maintained their PA levels and had significant increases in the three subscores, after adjustment for covariates, including PA at baseline. Also, participants who decreased PA had a significantly greater decline in physical performance according to SPPB total score (À0.65, 95% CI = À1.01 to À0.30) and balance (À0.22, 95% CI = À0.37 to À0.07), gait speed (À0.34, 95%: À0.47 to À0.22), and chair stand (À0.24 score, 95% CI = À0.39 to À0.08) subscores than those who had not changed their levels of PA.
When the analyses were performed with 3-year PA data as a continuous variable, for example, per one-category increments, cumulative PA was associated with improvements of 0.94 (95% CI = 0.68-1.20) and changes in PA with improvements of 0.76 (95% CI = 0.53-1.00) in scores in the SPPB over 9 years of follow-up (Table S2) . Sensitivity analyses were performed limited to participants alive at 9 years with information on SPPB scores (n = 437), and despite the loss of statistical power, the results showed similar effects of cumulative, maintaining, or increasing PA on physical performance (Tables S3 and S4 ).
DISCUSSION
The aim of study was to examine the effect of 3-year cumulative PA and changes in PA during this period on physical performance decline in older adults. Using data from the InCHIANTI study with 9 years of follow-up, the study found that maintaining a minimal level of PA or increasing PA attenuated physical performance decline in older adults, whereas decreasing PA or maintaining a persistent physically inactive lifestyle was associated with greater decline in physical performance. Several mechanisms could explain the beneficial association between PA and physical performance in older adults. PA has been found to be related to lower cardiovascular disease, muscle strength, cognitive impairment, frailty risk as well as improvements on other major hallmarks of aging, which are, in turn, associated with physical performance decline. 5, 6 Previous work from the InCHIANTI study found that greater PA at baseline was associated with less decline in physical performance over 9 years of follow-up, 12 but the present study extends these observations to demonstrate more clearly the potential effect of PA on physical performance in elderly adults by prospectively examining PA at two time points. For example, the analyses of the cumulative effect of PA in this life period indicate that it is essential to be as physically active as possible. Although public health recommendations on PA suggest specific doses and intensities to provide health in the individuals aged 65 and older (150 minutes of moderate intensity, 75 minutes of vigorous intensity, or an equivalent combination of both per week) 20 , examination of older adults' PA levels suggests that only a small proportion meets these recommendations. 30, 31 In the InCHIANTI study, only 5% of older adults meet public health recommendations for PA. The current study results support that maintaining a minimally active lifestyle (light PA without sweating 2-4 h/wk, moderate PA with sweating 1-2 h/wk, or light PA without sweating >4 h/wk) is protective against physical performance decline. The results with PA as a continuous variable not Significantly different from active categories with Bonferroni correction for multiple comparisons. Cumulative physical activity was calculated as the average of physical activity at baseline and 3-year follow-up.
only support the idea of being as active as possible but also that every minute of PA counts. 32 Regarding the effect of increasing or decreasing PA on physical performance, increasing PA in elderly adults was associated with clinically meaningful attenuation (≤1 points in SPPB score) of physical performance changes over 9 years, especially in gait speed, whereas decreasing PA led to a sharp and accelerated decline in physical performance. Changes in PA were based on an increment in PA of at least one category, so to become as physically active as suggested in public health recommendations would be not necessary to achieve some improvements in physical performance. Also, because changes in PA were adjusted for baseline PA, this is an important finding reflecting that never is it too late to increase PA levels, with consequent gains in health in older adults. 20 As in previous studies 33, 34 , the present study failed to find clear correlates of change in PA levels in older adults, and therefore, we could not to identify target individuals likely to increase their PA levels, although older adults who are physically inactive were more clearly identified (e.g., women; the oldest people; and those with multimorbidity, depression, and less education). Nevertheless, the proportion of older adults who increased their PA was smaller than of those who decreased their PA. Taken into account both facts, the development of public health strategies focused on maintaining PA levels in older people who are active or minimally active and increasing PA in those who are mainly inactive are likely to be a cost-effective strategy at population level.
The main analyses were also examined according to SPPB scores since the SPPB includes three components of physical performance: balance, gait speed, and chair stand. The effect of accumulating or increasing PA was greater in the gait speed component than in the other two components. The information on PA included in this study comes from asking participants to indicate their levels of aerobic activity. Hence, it seems that aerobic PA has an important role in the prevention of physical performance decline on the gait speed component, but some benefits on the other components must be also acknowledged. 6, 8, 35 These findings indicate the importance of aerobic PA, but it is likely that a combination of other types of physical activity would have greater effects on the attenuation of physical performance decline. 8, 35, 36 In addition to aerobic activity and being as physically active as one's ability and conditions allow, public health recommendations also suggest the performance of physical activity to enhance balance on 3 or more days per week and muscle-strengthening activities on 2 or more days a week. 20 Some strengths of this study included its longitudinal design over 9 years of follow-up, the inclusion of the main exposure variable at two time points, statistical adjustment for many confounders, and the use of a standardized battery of physical performance tests with well-known predictive ability for adverse health outcomes in older adults. In addition, the SPPB is probably less biased than self-report measures. Nevertheless, information on PA was selfreported, and the findings must be interpreted with caution. 37 Further longitudinal studies including objective measures of PA (e.g., accelerometers) should be developed to confirm or refute these findings. Another limitation of this study was the loss of participants to follow-up. 38 Participants who were lost to follow-up were significantly older, less educated, less likely to drink alcohol than those in the final sample; this could limit generalization of the findings. Participants who were lost to follow-up also had significantly poorer physical performance, so censoring of these participants might underestimate the strength of the associations found between PA and physical performance decline. 38 Although the InCHIANTI study has a longitudinal design, the possibility of reverse causality in the direction of the association between PA and physical performance should not be ignored. Finally, other potential covariates and effect modifiers were not included (e.g., marital status, energy intake, severity of disease) and must be taken into account when interpreting these findings. In conclusion, this longitudinal study of Italian community-dwelling older adults over 9 years of follow-up indicated that maintaining or increasing physical activity levels may attenuate age-associated physical performance decline. Further longitudinal studies including objective measures of physical activity are necessary to confirm these results. Also, the effect of combining different types of physical activity (e.g., aerobic, resistance training, balance activities) on physical performance decline warrants further study and consideration. Author Contributions: Martinez-Gomez: study concept and design, analysis and interpretation of data, drafting of manuscript, collection and assembly of data. Bandinelli, Guralnik, Ferrucci: study concept and design, analysis and interpretation of data, critical revision of manuscript, obtaining funding. Del-Panta: analysis and interpretation of data, critical revision of manuscript, collection and assembly of data. Patel: study concept and design, analysis and interpretation of data, critical revision of manuscript. All the authors approved the final version.
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